The effects of β-blockers on arterial properties are not well investigated. In our recent study, we compared the effects of the two β-blockers celiprolol and bisoprolol on blood pressure, baroreflex sensitivity (BRS), flow-mediated vasodilatation, and vascular stiffness. We found that bisoprolol achieved a greater reduction in the pulse rate and improved BRS and vascular stiffness, whereas celiprolol reduced the central blood pressure level. In this review, the mechanisms of different types of β-blockers and their effects on arteries are discussed, and the appropriate use of β-blockers in hypertensive subjects will be proposed.
Introduction
In hypertension guidelines, β-blockers are not recommended for hypertensive subjects unless they have some comorbidities such as ischemic heart disease, heart failure, and other compelling indications [1] . β-Blockers have even been shown to be harmful for hypertensive subjects [2] . However, the β-blockers used in these studies were mainly atenolol or metoprolol, and new-generation drugs were not well investigated. In our recent study, we focused on the effects of the new-generation β-blockers bisoprolol and celiprolol on vascular func-tions. Contrary to our expectations, bisoprolol reduced pulse wave velocity (PWV) compared to the baseline, achieved a greater reduction in the pulse rate (PR), and improved baroreflex sensitivity (BRS). On the other hand, celiprolol reduced the central blood pressure (BP) level [3] . Both drugs reduced home and 24-hour BP levels to a similar extent. In that study, we concluded that in treated hypertensive patients, an add-on use of celiprolol may be favorable in an uncomplicated stage of hypertension, whereas bisoprolol may be useful in hypertensive patients with cardiac or vascular diseases who have advanced atherosclerotic changes and sympathetic nervous system activation. In this review, more detailed mechanisms of β-blockers and their effects on BP and on arteries will be discussed.
β-Blockers for BP and PR
Except for compelling indications, β-blockers are placed as the 4th or 5th choice of therapy in the treatment of hypertension [1] . The antihypertensive effects of β-blockers are not very potent, but sympathetically activated conditions such as hypertensive emergencies, aortic dissection, and high cardiac output states are good indications for β-blockers [4] . In our study, although the subjects were not suffering from these conditions, both home and ambulatory BP levels were lowered [3] . It could be speculated that this was due to the vasodilating effect and the inhibition of the sympathetic nervous system in celiprolol, and to the potent inhibition of the sympathetic nervous system and an improvement in BRS in bisoprolol.
β-Blockers for PWV
There have been several studies which looked at the effects of β-blockers on PWV [5, 6] . Asmar et al. [5] showed that the antihypertensive effect of a β1 blockade was associated with an improvement in the viscoelastic properties of the brachial artery wall. Hayek et al. [6] showed that the effect of β-blockers on PWV was significant for the vasodilating β-blocker nebivolol but not for metoprolol. In our study, the PWV-lowering effect was stronger in the bisoprolol group than in the celiprolol group [3] . These results are somewhat surprising, but they are understandable when considering the effect of bisoprolol on vascular properties. Several β-blockers have been shown to reduce PWV, except for propranolol and metoprolol [7] . Arterial stiffness is affected by the mean arterial pressure and PR. The higher the PR, the more the artery stiffens, especially in hypertensive patients [8] . Zhou et al. [9] have shown that arterial distensibility and compliance were significantly more improved by bisoprolol therapy than by atenolol therapy, and these effects were independent of any PR-lowering effects. Therefore, the PWV-lowering effect of bisoprolol could be due to its potent PR-lowering effect and to vasodilation caused by β2 stimulation benefiting arterial elasticity.
β-Blockers for Central BP
Central BP is determined by the reflection waves from the peripheral arteries. It has been shown that β-blockers are not effective in lowering central BP [10] . In the review by Trudeau et al. [7] , β-blockers were shown to differ with regard to the cardiac afterload. Propranolol and atenolol were not effective in lowering wave reflection, but metoprolol led to a possible improvement, and labetalol, carvedilol, and nebivolol can reduce wave reflection [7] . Zhou et al. [9] showed that bisoprolol had a better effect on central aortic pressure compared to atenolol.
In our analysis, the radial augmentation index in the bisoprolol group was increased by the reduction in PR as was reported in the studies on atenolol [11] [12] [13] . Central systolic BP did not change in the bisoprolol group but was decreased in the celiprolol group. The potent PR-lowering effect of bisoprolol acts to increase central BP, but its vasodilating effect cancels this effect; therefore, central BP is not changed by bisoprolol. The nitric oxide (NO)-dependent pathway in celiprolol therapy could contribute to a reduction in cardiovascular overload by augmented endothelial NO synthase signaling [14] . This is in line with a previous report which found that nebivolol lowered central BP significantly more than metoprolol [15] . The main mechanism for the reduction in central BP in the celiprolol group appeared to involve vasodilation by the NO mechanism and the reverse remodeling of the elastic arteries [16] , which led to a reduction in reflection site intensity. Therefore, celiprolol could be better for reducing PR and central BP than bisoprolol in hypertensive patients.
β-Blockers for BRS
In our analysis, BRS (mean ± SEM) did not change in the celiprolol group (6.48 ± 0.52 vs. 6.3 ± 0.60 ms/mm Hg, p = 0.69) but was significantly increased in the bisoprolol group (6.95 ± 0.90 vs. 8.33 ± 0.94 ms/mm Hg, p = 0.006) after the treatment [3] . When the differences in BRS between baseline and the 12th week were compared, the extent of increase was significantly greater in the bisoprolol group than in the celiprolol group. The mechanism by which β-blockers enhance BRS is attributed to an increase in vagal tone [17] . Furthermore, β-receptor blockade reduces the cardiotoxic effects of endogenous-released catecholamines, inhibits renin release by blocking renal juxtaglomerular cell β1 adrenoceptors, blocks presynaptic α-adrenoceptor activity by limiting noradrenaline release from sympathetic nerve terminals, and reduces heart rate (HR)-related myocardial oxygen demand [18] . In our study, both HR and BP were lowered with bisoprolol. This may be due to the selective blockade of the β1 receptor, but β2 receptor-mediated vasodilatation, in skeletal muscles. In addition to the effects on peripheral β1-adrenergic receptors, the lipophilic β-blocker bisoprolol could bind to receptors in the central nervous system. Therefore, a BRS-improving effect was prominent in the bisoprolol group.
β-Blockers for Flow-Mediated Vasodilatation
Both drugs significantly improved endothelial function as evaluated by flow-mediated vasodilatation (FMD), and the extent of the improvement was similar [3] . This is in contrast to a previous report which showed that β-blocker treatment did not modify FMD in the brachial artery [19] . The precise mechanism behind this discrepancy is unclear, but one possible explanation is that it was due to blocking of sympathetic nervous system activity by both drugs. FMD may not be influenced by HR itself, as was shown in a previous study according to which only atenolol changed FMD, even though both drugs achieved similar reductions in PR [20] . In a study on transient endothelial dysfunction due to mental stress, endothelial function was deteriorated by sympathetic nervous system activation [21] . In another study comparing different types of β-blockers, carvedilol was superior to metoprolol in improving endothelial function [22] . Vasodilating β-blockers have been shown to improve endothelial functions [23, 24] . Bisoprolol was also shown to have vasodilating effects due to endothelium-dependent mechanisms [9] , while celiprolol is known to have a vasodilating effect by an NO-dependent pathway [14] . The potency of vasodilatation would be similar in celiprolol and bisoprolol because the extent of the improvement in FMD was similar with
